In the present work, the matrix elements, isospin impurities and log values of the isospin forbidden 0 + → 0 + beta decays have been investigated. The calculated results have been compared with available experimental and another theoretical data. The isotopic invariance of the Hamiltonian has been restored by Pyatov method. Within the quasi-particle random phase approximation (QRPA), the computations have been performed both in presence and absence of the pairing interactions. 
Introduction
Superallowed beta decays are pure Fermi type transitions and are seen between two components of the same isospin multiplet i.e., in between isobar analogue states. Isospin forbidden beta decays, however, occur between members of two different isospin multiplets [1] . Isospin forbidden transitions occur for both 0 + → 0 + and J π → J π (J = 0) states. In 0 + → 0 + , T = ±1, the transition is pure Fermi decay and in J π → J π (J = 0), T = ±1, the transition is isospin-allowed Gammow Teller or isospin forbidden Fermi decay [2] .
For the case of isospin forbidden 0 + → 0 + , T = ±1 Fermi beta decay, if there are no charge dependent effects, the Fermi matrix elements should be zero. If the matrix element is not zero, the isospin is not a good quantum number. Hence, the matrix element is proportional to the magnitude of the isospin impurities in states [1, 2] . We have considered a 0 + → 0 + β − decay, in which the initial state is denoted by | =| J = 0 + T T 0 and the final state is denoded by | =| J = 0 + T T 0 − 1 , respectively. The Fermi matrix element for the related decay has the form;
where, J and T are angular momentum and isospin quantum numbers, respectively. T 0 is the third component of T . For the T ± raising (lowering) isospin operator according to the angular momentum is written as;
According to the Eq. (1) and (2) the matrix element is obtained as,
As a consequence of Eq. (3), the transition cannot occur. However, when the analysis are experimentally reported, beta transition is detected between these states, as the initial and final states are not pure isospin states. The analogue state of the initial state has admixed into the final state of the transition. The analog state of the initial state is
New situation of the final state is denoted as:
where, α is the admixture amplitude. From Eq. (5), for this new situation, the β − Fermi matrix element is given as,
Above equation shows that the beta transition has also occurred theoretically. Up to date, the isospin forbidden Fermi beta decays have been studied in many scientific studies. The general formalism, experimental data and theoretical calculations were expressed by Blin-Stoyle [1] . Isospin forbidden beta decay of 28 Mg was experimentally investigated by Dickey et al. [2] . They deduced a charge-dependent isospin matrix element. The effective non-conserving interaction [3] , charge symmetry breaking nucleon-nucleon interaction [4] and, effects of the charge-symmetry-breaking and chargeindependence-breaking terms of nuclear force [5] in 1s0d-shell were studied by Nakamura et al. The log values of 514 nuclei were calculated in Ref. [5] . The up-down quark mass difference was evaluated in 1s0d shell nuclei and matrix elements were computed in Ref. [6] . The Fermi matrix elements in the beta decay of 234 Np were investigated both theoretically and experimentally in Ref. [7] . The isospin impurities were analyzed and, admixture amplitudes were computed for 26 different isospin forbidden beta decays by Bertsch and Mekjian [8] . An effective one body spheroidal Coulomb potential was used by Yap and Saw, to calculate the matrix elements and admixture amplitudes for the isospin forbidden beta decays of 8 Li and 134 Cs [9] . The relatively large Fermi matrix element of isospin forbidden beta decay of 57 Ni [10] and, isospin forbidden positron decay of 46 V [11] were studied by the same authors. Isospin forbidden transitions to the lowlying states in 26 Al with distored wave Born approximation (DWBA) were investigated by Yasue et al. [12] .
In the present study, the isospin symmetry breaking has been restored by Pyatov method [13] . This method has been used to achieve self-consistency between residual interaction and shell-model potential. The isotopic invariance of nuclear forces and self-consistency conditions make the theory free of any adjustable parameters [14] . The matrix elements, isospin impurities and log values of the isospin forbidden 0 + → 0 + Fermi beta decays have been investigated based on Pyatov's method.
Pyatov method was used in several studies [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In our previous studies, the Cabbibo-Kobayashi-Maskawa (CKM) matrix unitarity [24, 25] , the values of superallowed fermi beta decays [26] and isospin admixtures and isospin structure of isobar analog resonance states of superallowed beta decays [27] were investigated without and with pairing interactions, by using this method.
The paper is organized as follows: In Sec. 2, the details of Pyatov method and in Sec. 3 the Fermi matrix elements are given. The log values of the isospin forbidden 0 + → 0 + Fermi beta decays are then presented in Sec. 4. Finally, the computed results and conclusions are presented in Sec. 5 and Sec. 6, respectively.
Method
Here, we have only given main formalism of the Pyatov method. The details of method can be found in Refs [13] [14] [15] [16] .
In a closed system; if H T = 0, there is a symmetry breaking due to the nuclear model, where H and T are Hamiltonian and isospin operator, respectively. The isospin symmetry violated with Coulomb interaction is natural. Hence, H − V C T commutation is supposed to be zero, while it is not zero. Because the shell model potential includes isovector term and, the effect of isospin symmetry breaking caused by isovector term should be eliminated using a method. According to Pyatov's restoration method, the breaking symmetry of model Hamiltonian is restored by adding a proper residual force to the Hamiltonian. The residual interaction should satisfy the following condition:
where, the effective interaction term is defined by Pyatov [13, 14] as:
where, γ ρ is an average of double commutator in the ground state
The form of the effective interaction in Eq. (8) allows to treat the Coulomb mixing effects in a self-consistent way.
Here, in the second quantization representation, singlequasiparticle Hamiltonian is
where, ε is the single quasiparticle energy of the nucleons and α † τ (α τ ) is the quasiparticle creation (annihilation) operator. The Coulomb potential is 
where, + ( − ) are raising (lowering) isospin operators. The isobaric 0 + excitations in odd-odd nuclei generated from the correlated ground state of the parent even-even nuclei by the charge-exchange forces have been considered. The eigenstates of the single quasi-particle Hamiltonian, H , have been used as a basis. The basis set of the particle-hole operators is defined as
The bosonic commutations of these operators are given by following relations,
The form of and γ in quasi-particle space can be written as
and
respectively, with
V's and U's are the occupation and unoccupation amplitudes obtained in BCS calculations [28] . In QRPA, the collective 0 + states considered as one phonon excitations are given as
where, ψ , and Q † are real amplitudes and phonon creation operator, in turn. The | 0 is the phonon vacuum which corresponds to the ground state of the even-even nucleus,
The following orthonormalization condition for the amplitudes is obtained as,
The eigenvalues and eigenfunctions of the restored Hamiltonian can be obtained by solving the equation of motion in QRPA,
Herein, ω 's are energies of the isobaric 0 + states. Employing the conventional procedure of QRPA, the dispersion equation for the excitation energy of the isobaric 0 + states is obtained as
with ε ≡ ε + ε . The amplitude can be analytically expressed in the following form:
with
and,
Fermi matrix elements
The Fermi transition matrix elements between the isobaric 0 + states of the neighbour nuclei are defined as: a) for the transitions (N,Z) → (N-1,Z+1)
b) for the transitions (N, Z)→ (N+1, Z-1)
It is possible to show that the aforementioned transitions obey the Fermi sum rule,
log values
In a beta transition, value is given by
where, K / (¯ ) 6 = 2π 3¯ ln 2/( 
As seen above, the experimental value is related to the vector coupling constant G V . In electroweak theory, the relationship between the Fermi and vector coupling constant is expressed as
The Fermi coupling constant G F is derived from the muon beta decay and its numerical value is [29] :
The V is an element of CKM mixing matrix which represents the up-down quark mixing. The V value is adopted from Ref. [30] as
From the Eq. (25) 
Results and discussions
In this section, the numerical computations for matrix elements, log values and admixtures amplitutes for the isospin forbidden 0 + → 0 + transitions have been performed by considering the pairing correlations between nucleons and, including the effective Fermi interaction term in a self-consistent way. In the computations, the Woods-Saxon potential with the Chepurnov parametrization has been used [28] . The pairing correlation function has been chosen as C = C ≈ 12/
√
A for open shell nuclei. The computations have been performed for eleven well known isospin forbidden Fermi beta transitions. In Table 1 , the first column represents the isospin forbidden 0 + → 0 + Fermi beta transitions between the isobaric analog states. In the second and third columns, the nuclear matrix elements calculations based on the Pyatov method have been tabulated in presence and absence of the pairing interactions, respectively. The matrix elements are calculated from Eq. (21) and Eq. (22) . As seen in the Table 1 , the matrix elements values with pairing interactions are smaller than without pairing ones. This is an expected result. When the pairing interactions are taken into account, the numbers of transition states increase and, the value of the matrix elements decreases as a result of the strength of the beta transition re-distribution between these new states. In the fourth column the experimental results and, in fifth and sixth columns the theoretical results are shown. For 64 Ga, 66 Ga and 234 Np, when comparing experimental data with theoretical values, our results are better than another. Also this is clearly seen in Table 2. In Table 1 , the seventh and eighth columns represent the admixture amplitudes without and with pairing interactions defined in Eq. (6), respectively. Since T 0 took maximum value of the T , Eq. (6) has became [1, 2] 
Moreover, the admixture amplitudes are calculated by the expression [1, 2] , 28 Mg, when the our values are compared with the Refs [2] , [4] and [6] , it is seen that present results are more closer to the experimental one. In the calculations without pairing interactions, the isovector and Coulomb potential are caused to isospin breaking. But, in with pairing calculations, there is also a pairing potential. Hence, the effect of the other terms caused to isospin breaking is decreased by pairing potential. The calculations with pairing interactions are closer to the other theoretical results in the last column.
The calculated log values of isospin forbidden 0 + → 0 + Fermi beta transitions are given in Table 2 and Figure 1. For these log values, there are quite small and negligible error bars such as ±0 00016. Calculations have been performed using the Eq. (27) . In Table  2 , the experimental results are given in the ninth column for all nuclei, and the relative deviations (RD) of log − log expt / log expt ×100% are shown in the last two columns. As seen from table, both without and with pairing calculations are in good agrement with the experimental results. Relative deviations of calculations with pairing are smaller than the without pairing ones. The calculations with pairing are more closer to the experimental results. Especially, when nucleon numbers of the nuclide increase, this compatibility is further increased. The reason of this situation is that the pairing potential is considered in the calculations with pairing interactions. When the nucleon numbers increase, the effect of isovector potential decreases. But effect of pairing potential is more effective. The relative deviations of with pairing calculations decrease with increasing mass number. For instance; the calculated result for 170 Lu is equal to the experimental value. Furthermore, for 64 Ga, 66 Ga and 234 Np our results are more consistent to the experimental ones than the theoretical results given in seventh and eight columns. This theoretical results were obtained from the values in the fifth and sixth columns of the Table 1 used in Eq. (27) .
In Figure 1 , the calculated log values with and without paring interactions and experimental results are plotted, for comparison. The log values of isospin forbidden 0 + → 0 + Fermi beta transitions are given in the same order as in Table 2 i.e., the x-axis numbers correspond to the S. No. in Table 2 . As can be seen in figure, the plot without pairing is lower than with pairing and experimental ones. Especially, in 54 Co, 66 Ga and 78 Rb this difference is more pronounced. The calculations with pairing in harmony with the experimental results is clearly seen from the figure. 
Conclusions
The isotopic symmetry has been broken by both Coulomb forces and the isovector term in the nuclear shell model Hamiltonian. The isovector terms effect is not natural. Also, it is necessary to compensate its effect in the wave functions and matrix elements. This point has not been emphasized in another similar studies. In the present work, the isospin breaking due to the isovector part of the shell model potential has been separated and, its effect is eliminated by Pyatov's restoration method. After the restoration, the model is free of any adjustable parameters.
The matrix elements, admixture amplitudes and log values of isospin forbidden 0 + → 0 + Fermi beta decays are herein reported for the first time. When we compare our results to the existing literature data existed, they are slightly better than others. The effect of pairing correlations between nucleons on the admixture amplitudes has been dominantly seen in the isospin forbidden 0 + → 0 + beta transitions. The calculations of admixture amplitudes with pairing interactions of the transitions are closer to the other studies in the literature. As seen from the calculated Table 2 ). For the calculated log values, there are quite small and negligible error bars such as ±0 00016.
values of log , both without and with pairing calculations are in good agreement with experimental results. This harmony due to the effect of the pairing potential is seen well in the calculations with pairing. Especially, for 28 Mg in the admixture amplitude, for 64 Ga, 66 Ga and
234
Np in the log values, the presented results are excellent agreement with all the experimental findings when comparing another theoretical data.
